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North American blastomycosis is a condition, either localized or generalized,
due to a budding fungus, Blastomyces dermatitidis, which is also known as
Oidium dermatitidis, Cryptococcus gilchristi (1), Zymonema dermatitidis, or
Zymonema capsulatum (2). Dodge (3) lists nine other names which have been
applied to the etiologic organism.3
The disease was first described in a brief presentation before• the American
Dermatological Association in Washington, D. C. in June of 1894 (4). The
first detailed report appeared in 1896 (s). At that time Gilchrist gave a very
complete description of the causative organism and of the pathology of the
disease. Since then, somewhat similar diseases have been described in almost
every country on the globe. In the present study only the disease due to
Blastomyces dermatitidis, which is peculiar to the North American continent,
will be considered.
The immune reactions of Blastomyces dermatitidis have been studied almost
since the disease was first described. The results of complement fixation, pre-
cipitation, and agglutination tests have, however, been inconclusive (6).
This study was undertaken in an effort to determine in experimental animals
whether or not the intracutaneous test for blastomycosis is specific and constant.
If this proved to be the case, the test might then be tried on humans where it
could be of considerable value in the diagnosis of doubtful cases. The fact that
the verification of a clinical diagnosis of blastomycosis is not always easy is at-
tested to by Martin and Smith (7) who, in a complete review of the literature up
to 1939 found, among 347 cases reported, only 184 which they accepted as un-
doubted blastomycosis. When the infection is primary in the lungs, roentgen
studies do not show characteristic findings, and the condition is often mis-
diagnosed as tuberculosis until there is a dissemination of the infection with the
appearance of subcutaneous abscesses or other lesions. In cases primarily of
the skin, the microscopic findings are suggestive but not diagnostic. Benham
(8) lists seven organisms other than Blastomyces dermatitidis which may
appear as round bodies in the lesions caused by them.4 In the hands of a corn-
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Zymonema Gilchristi, Cryptococcus dermatitidis, Mycoderma Gilchristi, Mycoderma
dermatitidis, Gilchristia dermatitidis, Blastomycoides dermatitidis, Geotrichum dermatitidis,
Endomyces dermatitidis, Torulopsis dermatitidis.
Histoplasma capsulatum, Cryptococcus farciminosis, Phialophora verrucosa, Hormo-
dendrum pedrosoi, Rhinosporidiuni seeberi, Sporotrichum schencki, Monitia albicans.
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petent mycologist, culture of the organism or its demonstration in a hydroxide
preparation is diagnostic: however, there are few competent rnycologists. A test
with the accuracy of the tuberculin test would, therefore, be of great value in
suspected cases. As is well known, a positive tuberculin test is interpreted as
indicating that the patient is, or has been inf& ted by the bacillus of tuberculosis.
A similar positive test in blastomycosis would indicate, according to the present
concept of the disease, that the patient had been infected at the time the test
was applied, but cutaneous blastomycosis does and could result in specific al-
lergy, for few patients with generalized blastomycosis recover. The evaluation
of such a test must await its application to patients suffering from localized or
from generalized blastomycosis, as well as to those who have apparently over-
come the infection.
There has been great confusion in the classification of blastomycosis and its
etiologic organism. There was, and still is, great difficulty in separating those
cases reported in the literature as being due to Blaslomyces dermatitidis from
those due to other organisms. Buschke (9) early differentiated the etiologic
organism of European blastomycosis from that causing American blastomycosis.
Ricketts (10) in 1901 (in reviewing the 26 cases reported at the time) classed as
Oidium the organism causing North American blastomycosis. He thought the
variations in morphology and biologic properties to indicate that there were
different varieties or adaptive forms of the organism. He cited numerous authors
as having found blastomycetes in ulcers of the skin, pityriasis capitis, variola,
vaccinia, chronic catarrh of the endometrium, pyosalpinx, products of a three
months abortion (cultures sterile in the two last-mentioned cases), supposed
sarcoma of the mesenteric lymph glands, keloid acne, and diphtheria. He
concluded that "the so-called 'protozoic' disease of Posadas, Wernicke, and
others, Busse's and Curtis's Saccharomyces hoininis, and Gilchrist's Blastomyces
dermatitidis are varied manifestations of the same disease." It is doubtful, in
view of the confusion surrounding the subject at that time, and in the light of his
all-inclusive concept of the disease, that all of Ricketts' patients had blastomy-
cosis. Hyde and Montgomery (11) agreed in general with Ricketts' conclusions,
but they pointed out that the organisms of "protozoic" disease reproduce in
the tissues by endogenous sporulation, while Blastomyces dermatitidis reproduces
by budding. This fact, they believed, may be due to climatic differences, since
all cases of "protozoic" disease had been reported in warm countries. The pic-
tures of cutaneous blastomycosis in the text are excellent.
Montgomery and Ormsby (12) in 1908 stated that there had been at that
time 22 systemic and over 100 cutaneous cases of blastomycosis reported. Their
opinion was that coccidioidal granuloma and blastomycosis were related but
distinctly different diseases, and that European and American blastomycosis
were identical diseases. Stober (13) and Carr (14) as late as 1925 did not dif-
ferentiate between the organisms causing North American blastomycosis and
related diseases. At the present time it seems to be fairly well established that
North American blastomycosis or Gilchrist's disease is a separate entity, and
that it is definitely not the same as coccidioidal granuloma, South American
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blastomycosis, European blastomycosis, or chromoblastomycosis. Henrici (1)
explains that the term blastomyces as applied to the etiologic organism is a
misnomer, since the term was originally applied under the mistaken impression
that the causitive organism was a true yeast: Saccharomyces is the name for true
yeasts. The organism, Henrici points out, is not a true yeast, although it
presents the yeast-like form in tissue, including pus. He places the organism
in the genus Oidium, as originally suggested by Ricketts (10). Nevertheless,
the term blastomycosis has been and is widely used in medical literature, and it
will no doubt continue to be so used for the disease under consideration.
SOURCES OF INFECTION
Blastomycosis is more common in males by a ratio of about nine to one. It
is predominantly a disease of the laboring class. How the disease is contracted
is not knowxi. The predominance of cutaneous over systemic cases would lead
one to believe that it may be contracted by invasion of a skin abrasion. The
patients in whom a definite injury or source of infection has been found are few.
The most clear-cut case is that of a surgeon who apparently contracted the
disease from a needle prick sustained at autopsy of an infected body. Seven
months later the surgeon died of blastomycosis (15). Coley and Tracy (16)
in 1907 reported a case of blastomycosis which had its onset four months after
the patient cut his foot on a clam shell. The initial diagnosis was giant cell
carcinoma. Dulaney (17) reported a localized blastomycotic lesion following a
penetrating wound by a nail.
The initial complaint in systemic blastomycosis is often directed to the lungs,
a fact which might cause one to suspect that the organisms may be inhaled.
The recent work of Spring (18) who claims to have found chlamydospores in
blastomycetes would lend support to this theory. Stober (13) reports an in-
stance in which a test tube broke, spreading the spores (?) throughout the room
so that they were probably inhaled by two laboratory workers. One of the
workers developed chills and bronchitis; the other developed pharyngitis and
laryngitis. No fungi could be demonstrated, either by direct smear or by culture
of the sputum, and neither worker suffered any further trouble from the ex-
perience.
INTRADERMAL TESTS
Intradermal application of killed organisms, their extracts, or their products
has long been used in the diagnosis of various diseases. Tuberculin, first given
subcutaneously by Koch and later applied by the scratch method of Von Pirquet,
and intracutaneously by Mantoux, is the most widely used and best known of
this type of test. The positive reaction obtained in tuberculous patients is
thought to be due to an allergic reaction against the organism or its products.
The theory has since been applied to diseases other than tuberculosis, notably
trichophyton infections, cutaneous monilia infections, tularemia, syphilis, brucel-
losis, trichinosis, chancroid, lymphogranuloma inguinale, and lately coccidioidal
granuloma. The test for the latter disease has identified Valley Fever or Desert
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Fever of the San Joaquin Valley as the initial infection of coccidioidal granuloma.
A specific test for blastomycosis may show the disease to be more prevalent that
it is now thought to be.
Various epidermal tests for blastomycosis have been tried since Davis (19)
in 1911 prepared from Blastomyces dermatitidis a saline extract which contained
no dextrin, starch, or reducing sugars. He secured no cutaneous reaction when
he scarified the skin of infected guinea pigs with a knife dipped in the extract.
Opthalmic reactions were also negative. Stober (13) in 1914 noted no cutaneous
or ophthalmic reaction when testing one patient with blastomycosis. Stein (20)
in 1914, using a suspension of killed organisms, noted a positive skin reaction in
24 hours in his patients. Gilchrist was the donor of the strain of the organism
with which Stein tested.
Long (21) in 1926 noted that his experimentally infected guinea pigs did not
react to intracutaneous tests of products from the same culture of blastomycetes
with which the guinea pigs were infected or to the whole dead organism. He
found that the injection of a filtrate of the culture into the testicle resulted in
hyperemia and swelling of the testicle within two days, and complete atrophy
of the tubules in a month. Martin and Smith (22) made an antigen by suspend-
ing the yeastlike organism from a blood agar plate in normal saline and diluting
until the suspension was faintly cloudy. A positive cutaneous test was denoted
be a reaction similar to a tuberculin reaction appearing in 12—24 hours, and reach-
ing its maximum in 2—4 days. Occasionally this reaction proceeded to sterile
abscess formation.
Martin and Smith (7), in 1939, reported thirteen new cases of systemic
blastomycosis and found that four had strongly positive cutaneous reactions to
the vaccine. One of these was tested with, and reacted to, the carbohydrate
fraction. One patient showed a weakly positive reaction to the vaccine, and
one developed an immediate wheal reaction but no tuberculin-like response.
Three patients were negative to cutaneous test with the vaccine. One of the
latter patients was tested with and was negative to the fat, carbohydrate, and
protein fractions as well. There is no record of cutaneous tests of the remaining
patients.
Peck, Martin and Hauser (23), in 1940, tested two patients with vaccine and
with the carbohydrate and protein fractions of Blastoniyces dermatitidis. Both
patients reacted to the vaccine and carbohydrate fractions, but one did not
react to the protein fraction.
Martin (24) in 1941, in reporting the results of the cutaneous testing with
killed organisms, found definite positive reactions in eight of sixteen cases, a
questionable reaction in one, and negative reactions in seven.
The results of attempts to obtain specific intracutaneous or scratch tests for
blastomycosis have been inconclusive in humans. In animals, only two at-
tempts, those of Davis (19) and of Long (21) are recorded. Results of both
investigations were negative. These investigations were made before the proved
specificity of the skin test in coccidioidal granuloma had been demonstrated.
The work of Davis, who used the scratch tests and the ophthalmic test, must
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be considered inadequate according to present standards. Because of these
inconclusive results it seemed advisable to reinvestigate the problem in labora-
tory animals. According to the literature available, no laboratory animal has
been found to be consistently susceptible to infection with Blastomyces dermati-
tidis. Since the guinea pig is readily available, inexpensive, easy to handle, and
is known to have skin reactions quite similar to those of humans, this animal
was chosen for experimental work.
PLAN OF EXPERIMENT
The plan of the experiment was to infect the guinea pigs with a known strain
of Blastomyces dermatitidis. After a period of time sufficient for the develop-
ment of sensitivity to the infecting organisms, it was proposed to test for sen-
sitivity by the intracutaneous injection of killed Blastorrtyces dermatitidis, of a
saline extract of the organisms, of the protein, and of the polysaccharide fractions
extracted from the organisms, and with the broth in which the organism had
grown to see which, if any, of these materials might be used for an intracutaneous
test for assistance in the diagnosis of patients suspected of having blastomycosis.
EXPERIMENTAL STUDIES
A culture of known Blastomyces dermatitidis was obtained from Dr. Donald S.
Martin of Duke University. It was re-inoculated on Sabouraud's agar. After
a good growth had developed, it was emulsified with a mortar and pestle and
diluted in normal saline so that a thick suspension was made. About one cc.
of this suspension was injected intra-peritoneally into each of 30 male guinea
pigs. Ten male control animals were injected with an exactly similar solution,
except that there were no blastomycetes in it. In a variable peroid of time,
usually two to four weeks, testicular swelling occurred in the guinea pigs which
received the blastomycetes.
The first suspension for skin testing was prepared by kiffing the colonies of
Blastomyces dermatitidis of the Sabouraud's agar slant with 0.5 per cent phenol.
They were then emulsified by shaking with sterile sand. After heating for two
hours at 60 degrees centigrade as an additional safety factor, they were diluted
with normal saline until a thin suspension was formed. As a preservative, 0.25
per cent phenol was added to the diluting fluid. The suspension was tested for
sterility by incubating for 72 hours on plain agar and for three weeks on Sabou-
raud's agar. No growth was obtained. Two months after the guinea pigs had
been inoculated with Blastomyces dermatitidis, 0.1 cc. of the suspension of killed
organisms was injected intracutaneously into the abdominal skin of each of the
forty guinea pigs, the hair having been removed 48 hours previously with barium
sulfide.
Each of the thirty guinea pigs injected with Blastomyces dermatitidis developed
a tuberculin-like reaction at the end of 48 hours, as manifested by an indurated
papule about one cm. in diameter. Some of the papules were capped with
crusts which apparently represented ruptured vesicles. On some there was a
slight surrounding erythema. At the end of 48 hours none of the control ani-
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mals had any reaction at the site of inoculation. One guinea pig of the control
group had a small papule present at 24 hours which had completely disappeared
at 48 hours. Nine of the infected guinea pigs, and five of the control animals
were sacrificed. All the control animals were grossly normal at autopsy. Of
the infected animals, seven had yellow, creamy pus in one or both scrotal sacs.
Blastomycetes were isolated by culture from four of these animals. The other
two animals were grossly normal.
In view ot the above results it was decided to attempt to find whether the
several products of the organism would give positive intradermal reactions in
infected animals. Blastomyces dermatitidis from the same strain as previously
used were inoculated into Sabouraud's broth and allowed to incubate at room
temperature for from six weeks to twelve weeks until a good growth was ob-
tained. The broth was passed through a paper filter and saved. The organ-
isms were then washed with acetone to remove the fat, pulverized in a ball mill,
and extracted for 24 hours with normal saline. The saline extract was then
passed through filter paper, and the residue was saved for extraction of the
polysaccharid fraction. The filtrate, which contained both the protein and the
polysaccharid fractions was then sterilized by passage through a Seitz filter, and
0.3 per cent trieresol was added as a preservative. This solution will be referred
to subsequently as the crude saline extract.
Four guinea pigs known to react positively to skin tests with the suspension
of killed organisms and three guinea pigs known to react negatively to the sus-
pension were tested by intracutaneous injections of about 0.1 cm. of the crude
extract into the skin of the abdomen, the hair having been removed 48 houi
previously with barium sulfide. The four guinea pigs which reacted to the
suspension of killed organisms showed a tuberculin-like response, while the three
guinea pigs which had reacted negatively to the suspension of killed organisms
showed no reaction. The papule which developed following the intracutaneous
injection of the crude saline extract was somewhat broader, not quite as indurated
as that followed intracutaneous injection of killed organisms, and it was sur-
rounded by an erythematous halo.
An attempt was made to determine which fraction, the polysaccharid or the
protein, was the cause of the reaction. Trichloracetic acid was added to the
crude saline extract of Bkzstomyces dermatitidis in an effort to precipitate the
protein. No precipitate was obtained from the extract of organisms killed by
0.5 per cent phenol and heated to 60° centigrade for two hours. Since heat may
have denatured the protein, a saline extract of organisms killed by 0.25 per cent
phenol was made. Again, no precipitate was obtained from this extract with
trichloracetic acid. Likewise, no protein could be precipitated from the broth
in which the organisms were grown. It was then decided to abandon, for the
time being, the effort to isolate the protein fraction.
To isolate the polysaccharid fraction, the organisms from which the crude
saline extract was taken were placed in a solution of one per cent sodium hydrox-
ide and the solution was heated almost to the boiling point. After extracting
over night in a refrigerator, the solution was decanted and was passed through
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filter paper. The filtrate was poured into eight volumes of ninety-five per cent
alcohol. This solution was placed in the refrigerator over night while precipi-
tation of the polysaccharids took place. The supernatant liquid was poured off,
and the precipitate was separated with the aid of a centrifuge. This precipitate
was dissolved in distilled water, passed through filter paper to remove extraneous
matter, and the filtrate again poured into eight volumes of ninety-five per cent
alcohol. The alcohol precipitation was repeated once more, and the precipitate
was finally dissolved in distilled water and filtered through a Seitz filter to
insure sterility. 0.3 per cent tricresol was added as a preservative.
FIG. 1. Abdominal skin of control animal showing sites of injection of: 1. Suspension
of killed Blastomyces dermatitidis. 2. Sabouraud's broth in which the organisms grew.
3. Saline extract of the organisms. 4. Polysaccharid extract of the organisms.
Since Peck and Glick (25) have demonstrated that the component of Tr'icho-
phyton capable of eliciting a positive reaction to a cutaneous test was found in
the bouillon itself as well as in the pellicle of the culture in Sabouraud's bouillon,
it was deduced that the broth in which the Blastomyces grew might contain the
reactive principle. Some of the broth, therefore, was filtered through a Seitz
filter to insure sterility, and 0.3 per cent tricresol was added as a preservative.
The abdominal skin of 25 guinea pigs inoculated with Blastomyces dermatitidis
three to six months previously, and of four guinea pigs not inoculated, was
sheared. Each guinea pig was given an intracutaneous injection of 0.1 cc. of
each of the preparations: suspension of the killed Blastomyces dermatitidis in
normal saline, Sabouraud's broth in which the organisms had grown, crude saline
extract of the organisms, and the solution of the polysaccharid fraction.
At the end of 24 hours, all sites of intracutaneous injection appeared similar.
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There was defiuiitely more induration at the sites of injection of the infected
animals than at those of the control group. At the end of forty-eight hours, the
sites of injection on the control animals showed only minute indurated papules,
two to three mm. in diameter (fig. 1.) On the skill of the infected animals, the
sites of injection of the saline suspension of the killed organisms showed an
indurated papule 0.9 to 1.2 cm. in diameter, with a necrotic or blanched center
and with a surrounding halo of erythema. At the sites of injection of the
Sabouraud's broth in which the organisms had grown there were papules 0.8
to 1.3 cm. in diameter, surrounded by erythematous halos. About 50 per cent
of these injection sites showed necrotic tops, and the remainder showed large
FIG. 2. Abdominal skio of guinea pig infected with Blastomyces dermatitidis showing
sites of injection of: 1. Suspension of killed Blastomyces dermatitidis. 2. Sabouraud's
broth in which the organisms grew. 3. Saline extract of the organisms. 4. Polysaccharid
extract of the organisms.
white centers surrounded by elevated, erythematous borders. The sites of in-
jection of the crude saline extract very much resembled those described for the
broth, except that the papules were 0.7 to 1.0 cm. in diameter, and only about
25 per cent of them showed necrosis. At the sites of injection of the polysac-
charid solution, papules from 0.4 to 1.0 cm. were present. The centers of the
larger ones were white, and the papules were like those described at the sites of
the broth injections. The smaller lesions were simply erythematous papules.
At none of the sites of the polysaccharid injections was there necrosis (fig. 2.)
At the end of 72 hours, the lesions appeared much as they did at 48 hours.
The white centers, however, began to separate from the underlying tissue, and
more of the sites of injection had become necrotic.
Several guinea pigs, both those previously injected and which had shown posi-
REACTIONS OF BLASTOMYCOSIS IN GUINEA PIG 265
tive skin tests, as well as normal Controls were inoculated intraperitoneallv with
10 cc. amounts of the same saline extract and polysaccharide solution which had
given positive skin tests. None of these animals showed any signs of illness.
It is apparent, therefore, that this material does not give rise to a constitutional
reaction or death such as occurs with tuberculin, at least under the conditions
of this experiment.
5UMMARY AND DI5CU55ION
A known strain of Blastomyces dermatitidis was injected intraperitoneally into
guinea pigs. Two to six months later, a suspension of the killed organisms, the
broth in which they grew, a saline extract of the organisms, and a solution of the
polysaccharids isolated from the organisms were injected intracutaneously into
the guinea pigs. Positive reactions as demonstrated by a tuberculin-like papule
were obtained. The control animals failed to give such a reaction. All test
material was made from the same strain of organisms with which the animals
were infected.
The results obtained in this experiment differ sharply from those obtained by
Long (21) and Davis (19). Long obtained no reaction to intracutaneous in-
jections of killed blastomycetes, or products, of the same strain with which his
guinea pigs were infected. It is impossible to reconcile Long's findings with
those obtained in the present experiment without more detailed knowledge of
his technique than is given in his article. Davis's experiment with the scratch
test and with the ophthalmic test was not duplicated. It is altogether possible
that the extract with which Davis worked did not contain the polysaccharids
fraction as it contained no dextrin, starch, or reducing sugar. Failure to isolate
the protein fraction of the blastomycetes prevented its use in this experiment.
It is agreed by most investigators that the skin reactive principle in trichophytin
and other fungi is a polysaccharid. The polysaccharid of the blastomyces
elicited a tuberculin-like response when injected intracutaneously. Since the
polysaccharid is capable of causing this positive reaction, the investigation of
the protein fraction becomes of less importance.
If the results obtained in animals can be applied to humans, a test of con-
siderable value in the confirmation of a diagnosis of blastomycosis would be
available. The results reported in the literature of intracutaneous testing of
humans with the killed organisms, and its products have not been conclusive.
None of the substances so empolyed on humans were tested before use on a series
of animals known to be infected with Blastomyces dermatitidis. It may be that
humans do not develop allergic reaction to blastomycosis exactly comparable
to that of guinea pigs; it may be that the substances tested were not exactly
comparable to those used in this experiment; or, it may be that there is a species
specificity in blastomycosis, although Dulaney (17) was unable to demonstrate
any such specificity. The test, if applicable to human beings, will not be as
valuable as the commonly used skin tests, since blastomycosis is a relatively
rare disease. Nevertheless, the test should be of value for patients in whom the
diagnosis of the disease is questionable.
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CONCLUSIONS
1. Guinea pigs experimentally infected with Blastomyces dermatitidis develop
a specific allergic reaction to the organism.
2. The allergic reaction may be demonstrated by a tuberculin-like reaction
48 hours after the intracutaneous injection of killed Blastomyces dermatitidis, the
broth in which they grew, a saline extract of the organisms, or the polysaccharid
of the organisms.
3. Control animals showed no tuberculin-like reaction 48 hours after intra-
cutaneous injection of the same products.
4. The agent which causes reactions in sensitized animals appears to occur
in the polysaccharide fraction of the extract.
5. No constitutional reactions occurred.
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